Abstract: This study aimed to investigate whether the quick Sequential Organ Failure Assessment (qSOFA) score at emergency department (ED) presentation can help improve the risk assessment of glyphosate-surfactant herbicide (GlySH) poisoning complications. A total of 150 patients presenting with acute glyphosate herbicide ingestion were enrolled in this retrospective observational study. The qSOFA scores at presentation, DqSOFA (calculated by subtracting the worst qSOFA score from 1 hr after admission from the qSOFA score at presentation), baseline characteristics, clinical courses and outcome were collected and analysed. A total of 41 patients had life-threatening complications (27.3%), and 14 patients died (9.3%). Patients with a qSOFA score of 0 at presentation had a 1.5% incidence rate of complications. As the qSOFA score at presentation increased from 1 to 3, the rate of life-threatening complications significantly increased from 29.6% to 100%. Patients with a DqSOFA of 1 had a higher frequency of complications than did patients with a DqSOFA of 0. The qSOFA score (OR: 8.39, 95% CI: 3.51-26.67) and DqSOFA (OR: 27.60, 95% CI: 3.87-575.67) were associated with the development of life-threatening complications in the multivariate analysis. The qSOFA score showed high sensitivity (97.56%), and the DqSOFA score showed high specificity (99.08%). The values of area under the curve were significantly higher in the models using the qSOFA and DqSOFA than they were in the models using previously known prognostic factors (p < 0.01). The clinician should pay more attention to patients with high qSOFA scores at presentation or an increase in the qSOFA score 1 hr after admission.
Glyphosate-surfactant herbicide (GlySH) is the most commonly used non-selective systemic herbicide worldwide. Recently, GlySH has increasingly been used in suicide attempts throughout Asia [1, 2] . Mortality rates ranged from 1.8 to 29.3% [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Complications of GlySH poisoning are known to occur predominantly during the early stages (from 1 to 72 hr) after ingestion [4, 6] . Treatment consists of supportive care and close observation [3] . Unlike other drug poisoning cases with antidotes such as organophosphates, GlySH has no specific treatment. Therefore, the early recognition of severe patients and provision of intensive care are of paramount importance for reducing the mortality rate. Many studies have attempted to provide predictors of mortality and complications of patients with GlySH poisoning [1] [2] [3] [4] [5] [6] . Age, amount of GlySH ingested, potassium (K) level, respiratory failure, metabolic acidosis, abnormal chest X-ray (CXR), corrected QT (QTc) interval, tachycardia, elapsed time, creatinine (Cr) level and alanine aminotransferase (ALT) level have been reported as prognostic factors. However, these factors have limitations for application at presentation due to inaccurate information (i.e. the amount of GlySH ingested and elapsed time), the need for an invasive procedure (i.e. a blood draw) and acquisition after the development of complications (i.e. respiratory failure and metabolic acidosis).
The quick Sequential Organ Failure Assessment (qSOFA) score consists of a high respiratory rate, low blood pressure and altered mentation, which can be measured rapidly at the bedside. The qSOFA score has been recommended to identify the need for a prolonged intensive care unit (ICU) stay or death in the hospital in new guidelines for the treatment of patients with sepsis. In addition, the utility of the qSOFA score has been studied recently not only in septic patients but also in patients with trauma and leukaemia [11] [12] [13] [14] . However, no study has reported the use of this tool in patients with acute drug poisoning.
The qSOFA consists of simple vital sign measurements that are performed in almost all patients who visit the emergency department (ED). This tool does not delay treatment, because the measures are not time-consuming. However, no study has reported the use of this tool in patients with acute drug poisoning. If the qSOFA is useful in predicting the prognosis of patients with GlySH poisoning, it may overcome the disadvantages of other known prognostic factors.
Methods
This retrospective cohort study was conducted at Chonnam National University Hospital (CNUH), which is a tertiary emergency medical centre in Korea (45,000 patients per year visit the emergency room in this centre). The study was performed according to the principles of the Declaration of Helsinki and was approved by the CNUH Institutional Review Board Center (TMP-2017-168).
The study was conducted from January 2006 to April 2017 and included patients who were older than 18 years of age and had GlySH poisoning. Patients who were discharged with T60 codes classified Author for correspondence: Byeong Jo Chun, Department of Emergency Medicine, Chonnam National University Hospital, 42, Jebong-ro, Dong-gu, Gwangju, Korea (e-mail cbjbawoo@hanmail.net).
according to the International Classification of Diseases (ICD)-10 were selected using the hospital electronic medical record system, and their medical records were reviewed. The diagnosis of GlySH poisoning was made based on a history of GlySH ingestion provided by the patient or family members and a verified record of the ingested agent by a physician. Additionally, hospital records indicating the brand of GlySH ingested were required for patient inclusion. The brand was identified by inspection of the bottle or bag that the patient or witness brought to the hospital. Treatment was performed according to the standard protocol for GlySH treatment by an emergency physician specialist and an intensivist.
One hundred and eighty-five patients were identified. However, 35 patients who had any of the following conditions were excluded: 11 patients who ingested another herbicide, 7 patients who were poisoned through a non-oral route, 16 patients who were diagnosed with a condition that influenced survival and 1 patient who visited the ED 24 hr after poisoning. Therefore, 150 patients were ultimately included.
The following data were collected from the patient's electronic medical records: age, gender, vital signs, laboratory test results, qSOFA score, electrocardiogram, CXR findings, amount of glyphosate ingested, elapsed time from ingestion to arrival at the ED, use of gastric decontamination, duration of hospitalization, life-threatening complications, length of stay in the ICU and survival.
A life-threatening complication was defined using the following criteria: hypotension (receipt of vasopressor agents to maintain mean arterial pressure ≥65 mmHg), respiratory failure (receipt of assisted invasive or non-invasive ventilation), renal failure (receipt of renal replacement therapy) and in-hospital cardiac arrest [6] . The qSOFA score assigned one point for each of the following [15] : respiratory rate ≥22 breaths per min., systolic BP < 100 mmHg and documentation of an altered mental status. Because the earliest complications could develop within 1 hr after admission [6] , the qSOFA scores from presentation to 1 hr after presentation were calculated. The DqSOFA was calculated by subtracting the worst qSOFA score obtained for 1 hr after presentation from the qSOFA score at presentation.
One hundred and fifty patients were divided into four groups according to their qSOFA scores at presentation. The data are presented as the means AE S.D. or as the medians and frequencies of interquartile ranges. Differences between the two groups were assessed using the two-sample t-test or Mann-Whitney U-test for continuous variables and the chi-square test for categorical variables. A univariate analysis was performed with objective factors (age, ingested amount, lactate, ALT, Cr, QTc interval and qSOFA score), which could be easily obtained at the ED and were reported to predict mortality in previous studies [1] [2] [3] [4] [5] [6] , the qSOFA score at presentation and the DqSOFA. Multivariate logistic regression was applied with a univariate predictor using the enter technique. When more than two univariate factors exhibited collinearity, one univariate factor was selected and entered into the multivariate analysis. The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for all meaningful variables. The AUROC, sensitivity and specificity of independent factors were measured using a test of equality of the receiver operating characteristic (ROC) curve areas. The validity comparison between each model was performed with DeLong's test. A 2-tailed p-value <0.05 was considered significant. All statistical analyses were performed using the R software (version 3. 
Results
All the patients were poisoned with agricultural glyphosate herbicide. Additionally, the type and concentration of glyphosate salt contained in the ingested glyphosate herbicide are shown in table 1. The mean age of the 150 patients who ingested GlySH was 59.9 AE 14.5 years. At presentation, 67 patients had a qSOFA score of 0 (44.7%), and 83 patients had qSOFA scores of 1-3 (55.3%). As the qSOFA score at presentation increased from 0 to 3, the age, lactate, AST and QTc interval significantly increased, and the arterial pH and HCO 3 concentration decreased (table 1) . In the group with a qSOFA score of 0, the qSOFA score did not change during the 1-hr period after admission; conversely, 11.1% of the patients in the group with a qSOFA score of 1 and 40.0% of the patients in the group with a score of 2 had an increase in their scores within 1 hr.
Life-threatening complications developed in 41 patients (27.3%); the most common complications were respiratory failure (20.7%) and hypotension (20%) (table 2). The final mortality rate was 9.3%. In the group with a qSOFA score of 0, only one patient experienced life-threatening complications, and none of the patients died; in contrast, all of the patients with a qSOFA score of 3 at presentation experienced complications. As the qSOFA score at presentation increased from 1 to 3, the number of life-threatening complications and in-hospital deaths significantly increased (table 2) .
Among patients with a qSOFA score of 1 or 2 at presentation, patients with a DqSOFA of 1 had a higher frequency of complications than did the patients with a DqSOFA of 0. Among patients who had a qSOFA score of 1 at presentation, life-threatening complications occurred in 83.3% of patients with a DqSOFA of 1 versus 22.9% of patients with a DqSOFA of 0 (p = 0.007). Of the patients who had a qSOFA score of 2 at presentation, life-threatening complications occurred in 100% of patients with a DqSOFA of 1 versus 44.4% of patients with a DqSOFA of 0 (p = 0.044). The subgroup analysis results for these groups for each life-threatening complication, including death, were as follows: respiratory failure (33.3% versus 12.5%; p = 0.213 and 100% versus 33.3%; p = 0.028, respectively), hypotension (50.0% versus 12.5%; p = 0.051 and 100% versus 22.2%; p = 0.007, respectively), renal failure (33.3% versus 10.4%; p = 0.169 and 33.3% versus 11.1%; p = 0.525, respectively), in-hospital cardiac arrest (0% versus 6.2%; p = 1.000 and 66.7% versus 11.1%; p = 0.089, respectively) and death (0% versus 10.4%; p = 1.000 and 66.7% versus 0%; p = 0.011, respectively; fig. 1 ).
In the univariate analysis to predict life-threatening complications, the age, ALT, QTc interval, lactate, amount ingested, DqSOFA and qSOFA score at presentation were significant. The qSOFA score at presentation (OR: 8.39, 95% CI: 3.51-26.67), DqSOFA (OR: 27.60, 95% CI: 3.87-575.67) and age (OR: 1.06, 95% CI: 1.01-1.12) remained significant in the multivariate regression analysis (table 3) .
The qSOFA score showed high sensitivity (97.56%, 87.1-99.9), and the DqSOFA showed high specificity (99. 
Discussion
This study investigated whether the qSOFA score at presentation and the DqSOFA predicted complications of GlySH poisoning in patients. This result is worthwhile because the qSOFA score is an easily obtained score at bedside without substantial time requirements.
The qSOFA score was introduced at 2016, and its predictive value for mortality, need for ICU admission and progression to septic shock was demonstrated in several studies [15] [16] [17] [18] [19] [20] similar to our study. This score is used in new guidelines for sepsis to assess the prognosis of the patient. However, some recent studies demonstrated contrary results concerning the usefulness of the qSOFA score in patients with trauma, burns, pneumonia, leukaemia, liver cirrhosis and sepsis qSOFA, quick Sequential Organ Failure Assessment; elapsed time, time interval from ingestion to arrival at the hospital; Osmol, osmolarity; glyphosate %, glyphosate concentration; IPA, isopropylamine. qSOFA, quick Sequential Organ Failure Assessment; DqSOFA, subtracting the worst value of the qSOFA score from 1 hr after presentation from the qSOFA score at presentation. [11] [12] [13] [14] [21] [22] [23] [24] [25] [26] [27] . These controversies are estimated to vary according to the severity of the disease, the timing of the measurement and the measurement method [22] [23] [24] [25] [26] [27] . In this study, the usefulness of the qSOFA score at presentation in GlySH poisoning cases can be explained by the rapid development of complications from 1 hr to 54.8 hr after presentation [6] . Notably, the mortality and morbidity were 0% and 1.5% in patients with a qSOFA score of 0. However, 97.6% of the patients with a qSOFA score >1 at presentation developed life-threatening complications. We cautiously suggest that clinicians should pay more attention to patients with qSOFA scores >1 at presentation after GlySH poisoning. The DqSOFA can be easily calculated through repetitive measurement of the qSOFA score at bedside. Patients with a DqSOFA of 1 had higher frequencies of complications among each subgroup classified by the qSOFA score at presentation. Repetitive measurement of the qSOFA score may further improve the accuracy of risk assessment of complications compared to one point measurement of the qSOFA score at presentation. We suggest that the qSOFA score measurement should be repeated for patients with a qSOFA score >1. Because the highest qSOFA score at presentation was 3, the DqSOFA in the group with a qSOFA score of 3 at presentation was zero. However, all patients with a qSOFA score of 3 at presentation experienced life-threatening complications. Patients with a qSOFA score of 3 at presentation should be admitted to the ICU without repetitive measurement of the qSOFA score regardless of their first appearance at ED presentation.
The amount of GlySH ingested, age, a prolonged QTc interval and abnormal laboratory findings are known predictors of the prognosis of patients who ingest GlySH [1] [2] [3] [4] [5] [6] . We attempted to predict the prognosis using only objective factors that could be easily obtained in the ED among the known predictors (age, ingested amount, laboratory findings, QTc interval and qSOFA score). One explanation for the drop-out of previously suggested predictive factors in the multivariate analysis may be that the components of the qSOFA score are direct parameters of respiratory failure and hypotension, which are most common complications after GlySH poisoning. Although the ingested amount is a known prognostic factor in many studies of GlySH [3, [7] [8] [9] , recent studies [5, 6, 28] have not shown significant results in multivariate analyses. This result is consistent with our findings and can be explained by the fact that the ingested amount did not equal the absorbed amount due to the vomiting induced by GlySH poisoning.
In other studies, the AUC varied from 0.72 to 0.89 for prediction of mortality in patients with GlySH poisoning [4, 28] . However, no study has investigated the diagnostic performance for life-threatening complications. We used a factor that was significant in the multivariate analysis among the factors shown to be predictive of the prognosis in the previous study, and the AUC of the Pred model was 0.819. Adding qSOFA and DqSOFA to the Pred model showed better performance in predicting life-threatening complications.
This study has several limitations. This study was performed in patients who ingested glyphosate herbicide. Therefore, the results may not be generalizable to patients who are poisoned with diluted glyphosate herbicides (1-5%), such as home pest control products. This limitation should be considered when interpreting this study. All the patients had a history of exposure to GlySH, but the diagnosis was not +LR, positive likelihood ratio; ÀLR, negative likelihood ratio; AUC, area under the ROC curve; qSOFA, quick Sequential Organ Failure Assessment; DqSOFA, subtracting the worst value of the qSOFA score from 1 hr after presentation from the qSOFA score at presentation. Fig. 2 . Receiver operating characteristic curves for prediction of lifethreatening complications AUC, area under the ROC curve; qSOFA, quick Sequential Organ Failure Assessment; DqSOFA, subtracting the worst value of the qSOFA score from 1 hr after presentation from the qSOFA score at presentation. Model
confirmed by laboratory tests (serum or urine analysis). However, most EDs are not equipped with a facility to measure the GlySH level in the body. Instead, the patients included in the study were assumed to have ingested GlySH based on the patients' histories and medical records. Our study was based on the condition at the time of hospital admission. We could not reflect on the organ dysfunction already present in the advanced stage of ingestion. One limit of a retrospective study is that the amount of ingestion and the elapsed time cannot be controlled. Another limitation of this study is that it included patients who visited only one hospital. Our hospital is a tertiary care hospital visited by patients who are suffering from severe symptoms. As a result, the disease severity of our population may be higher than that of other studies, which may cause overestimation of the diagnostic performance. This possibility is a limitation to generalizing these results to other settings. Future multi-centre studies would complement the results from this study.
Conclusions
Importantly, this study showed that the qSOFA score at presentation was highly sensitive, and the DqSOFA was highly specific for predicting life-threatening complications. The measurement of the qSOFA in the ED can facilitate the risk assessment of life-threatening complications after GlySH poisoning. Clinicians should focus on patients with high qSOFA scores at presentation or those with an increased qSOFA score within 1 hr after admission. Further studies are needed to validate these findings.
